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Abstract 
A sensor system combining a novel pressure stable thermoelectric flow and impedimetric sensor for monitoring chemical 
conversion in micro fluidic channels was developed. Devices were optimized for hydraulic diameters ~1 mm and overpressure 
regime. Impedimetric sensors consist of a pair of interdigital electrodes deposited on a silicon substrate. Thermoelectric flow 
sensors consist of a perforated membrane with a heater in between two thermocouples. Based on our results both sensors can 
detect in parallel relative changes in thermal and electrical properties of less than 1 %. Thus the system enables the inline 
monitoring of chemical conversion by means of 4 parameters. 
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1. Motivation and objectives 
Micro reaction technology became an important field for the intensification and development of novel chemical 
processes on micro-scale. Devices for unit operations like mixing, reaction and heat exchange are state of the art. 
Micro structured reactors have been widely used for organic synthesis1. Residence time reactors are widely 
employed for processing homogeneously and heterogeneously catalyzed liquid phase reactions, e.g. esterification 
reactions2. Educts are premixed in a micro mixer and then the reactive system flows through a micro reaction 
channel e.g. until chemical equilibrium state is present. For the control and optimization of chemical processes in 
micro plants a robust inline analytics is required. Up to now in micro reactors there is a lack in inline micro sensors 
that meet the requirements in terms of costs, sensitivity, robustness and scalability. In a previous publication a 
thermal flow sensor network based on the thermo-transfer principle was presented for inline chemical process 
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monitoring3. Nevertheless the decomposition of complex mixtures requires generally more than one measurement 
variable, respectively sensor principle. Within our approach the combination of a novel pressure stable 
thermoelectric flow sensor and impedimetric sensor is applied for monitoring chemical conversion in micro reaction 
channels. In this contribution we focus on the sensor system architecture and the integration in a micro residence 
time reactor followed by the experimental characterization of fabricated devices. 
2. Structure of the sensor system 
The impedimetric sensor is used to monitor relative changes in ionic conductivity and complex permittivity 
during chemical conversion. Alterations in thermal conductivity, respectively isobaric heat capacity are measured by 
means of the thermoelectric flow sensor. Hence conversion can be monitored by means of four physical parameters. 
2.1. Thermal flow sensor and impedimetric sensor 
Chemical reactions in micro reactors are typically processed in overpressure regime to prevent degassing effects 
and unwanted phase changes. Thus the pressure stability of sensor chips is an important factor for the integration in 
a micro reactor. A novel thermal flow sensor with perforated membrane was developed that involves a high pressure 
stability. The design as shown in Fig. 1a bears on a device already presented in a previous publication4. The device 
mainly consist of a heater in between two thermopiles on a thin membrane made of (SixNy). Small holes around the 
perimeter ensure a pressure compensation between the front and back side, thus the fluid flows on both sides of the 
membrane. A borosilicate glass wafer bonded to the bottom side of the wafer forms a small cavity under the 
membrane and seals the device. The heater generates a temperature gradient monitored by a pair of thermopiles that 
is distorted by changes in the mass flow rate or thermal properties of the liquid. In a micro plant mass flows into the 
micro reactor are typically known due to mass flow meters located at each educt inlet. Fig. 1b shows the layout of 
the impedimetric sensor based on CMOS technology with two interdigital electrodes made of MoSi2 with a gap of 
200 µm. The fabrication process mainly consist of: 1. wet oxidization of the silicon wafer, 2. deposition of 200 nm 
MoSi2 followed by a dry etching step, 3. metallization and structuring of the bond pads and 4. deposition of 500 nm 
SixNy as the final passivation layer. Sensitive areas of both sensors were adapted to the geometry of the micro fluidic 
channel with a hydraulic diameter ~1 mm. For the integration in the micro reactor and electrical interconnection to 
the sensor electronics chips were mounted on PCBs. 
 
 (a)  (b) 
Fig. 1. (a) Thermoelectric flow sensor chip with two thermopiles, a heater (HT) on a perforated SixNy membrane; (b) impedimetric sensor chip 
consisting of a pair of interdigital electrodes with a gap of 200 µm on a silicon substrate. 
2.2. Measurement chamber and micro plant 
For the experimental characterization of the novel perforated flow sensor and impedimetric sensor a 
measurement chamber was developed as shown in Fig. 2a. The micro fluidic channel made of stainless steel 
(6.0 x 1.2 x 0.2 mm) consists of two segments for each sensor module that are in series connected on the back side 
by means of conventional 1/16´´-PTFE capillaries. Analog sensor interface electronics for both sensors is directly 
attached to the bottom side of the measurement chamber. Fig. 2b shows the structure of the micro plant containing 
the measurement chamber used for inline chemical process analysis. 
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Fig. 2. (a) Measurement chamber with micro fluidic channel and integrated sensor modules; (b) structure of the micro plant used for sensor 
characterization and the analysis of single-stage chemical reactions in flow-through and overpressure regime. 
The micro plant with two inlets mainly consists of two micro annular gear pumps combined with 2 mini CORI-
FLOW mass flow meters, a micro mixer, 2 pressure sensors and a pressure controller. The setup enables well 
defined mass flow rates independent of the thermal properties of the liquid in overpressure regime. A PC with two 
data acquisition cards containing analog inputs for voltage measurement and programmable current sources was 
used for signal analysis of the thermoelectric sensor. A miniaturized impedance analyzer5 was applied for signal 
analysis of the impedimetric sensor integrated in a complex voltage divider. 
3. Sensor system characterization 
Initially, measurement sensitivity, stability and influence of electrical noise of both sensors were characterized by 
means of pure non-reactive solvents/electrolytes dispensed into the measurement chamber. The heater of the 
thermoelectric sensor was operated in constant current mode, while impedance spectra were acquired in range of 
10 MHz to 100 MHz. Fig. 3 shows the steady state response of the impedimetric sensor due to relative changes in 
the dielectric/conductive properties of the liquid. 
 
The decrease in magnitude of the complex voltage divider ratio corresponds to the increase in relative 
permittivity of the selected dielectrics. With regard to a noise amplitude of less than 0.001 in magnitude and phase, 
relative changes of <1 % in dielectric and/or conductive properties of the liquid during chemical conversion can be 
detected. Fig. 4 shows the steady state response of the thermoelectric flow sensor chip due to changes in mass flow 
rate and thermal properties of the liquid. Stability tests revealed that the perforated membrane enables a pressure 
stability >10 bar and the pressure sensitivity of the sensor response could be significantly decreased compared to4. 
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Fig. 3. Steady state response of the impedimetric sensor by means of relative changes in the magnitude of the complex voltage divider ratio 
proportional to the electrical impedance for different solvents due to changes in (a) conductive; (b) dielectric properties of the liquid. 
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Fig. 4. Steady state response of the thermoelectric flow sensor due to changes in mass flow rate and thermal properties of the liquid: (a) 
thermopile 1 (TP1) located in flow direction before; (b) thermopile 2 (TP2) after the heater. 
When evaluating curves of both TP as shown in Fig. 4, measurement sensitivity of TP2 for relative changes in 
thermal properties of the liquid is at least factor two higher than for TP2. Referred to TP2 with an electrical noise 
less than 1 mV 1-butanol, 2-propanol and ethanol could be reproducibly distinguished in the flow range between 40 
to 120 g/h. Based on our results the pressure stable thermoelectric flow sensor chip enables the detection of relative 
changes in thermal properties <1 %. Furthermore for monitoring alterations in mole fractions of a mixture, e.g. due 
to chemical conversion, sampling of only TP2 in steady state is sufficient, especially when there is no need to 
distinguish between heat capacity and thermal conductivity. This approach takes into account that in a micro reactor 
the flow direction, absolute mass flow rate and the temperature of the liquid entering the device are known. 
4. Summary and conclusion 
A sensor system combining a novel pressure stable thermoelectric flow and impedimetric sensor for monitoring 
chemical conversion in micro fluidic channels was developed. Both sensor chips optimized for hydraulic diameters 
~1 mm exhibit a high chemical, temperature and pressure stability. Devices were characterized in a novel micro 
fluidic flow cell using pure solvents. Based on our results the combination of both sensor principles enables the 
parallel detection of relative changes of less than 1 % in dielectric/conductive properties as well as thermal 
conductivity/isobaric heat capacity of the liquid. Thus the sensor system enables the inline monitoring of chemical 
processes by means of 4 physical parameters. 
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